Since the advent of the communication revolution and global Internet system, the rate of creation of new knowledge is increasing at almost a geometric rate in diversity of applied fields. The global competitive economic system is driving everybody to rush into the technology innovation process. This is acutely apparent in all technology fields, and especially, in optics/photonics. Today's technology knowledge will become almost obsolete tomorrow. Then how do we create lasting textbooks for technicians? Different industry segments use same photonic sciences but for different applications and with different emphasis on different principles. Then how do you create textbooks that are customizable for different industry sectors? Rapid innovation and competition is also creating pressure on technicians to know and learn more with appropriate mathematical foundations that high schools are unable to provide. We will present concepts and ideas on how industries, professional societies and interested individuals can create a "lasting" series of textbooks that are rapidly updateable along with extra, mathematically oriented examples to keep up with the technology changes and quickly customizable for different industry sectors. These concepts evolved through the experience ofthe NSF supported project, STEP (Science and technology Education in Photonics). The objective of STEP is to create a set of optics! photonics textbooks for tecimicians. The first overview text, "Fundamentals ofPhotonics", is already under field test. Explore cord.org on the web for more details.
developed the 3-level outline for eight potential Photonics books and completed the first book, "Fundamentals ofPhotonics" under an NSF grant, called STEP (Science and Technology Education in Photonics). Academic faculty and industry scientists created the outline of the curriculum based on skill sets defined by industry engineer, required for their laboratories and manufacturing plants. Ten faculty and industry scientists wrote the ten chapters ofthe first book. They all had previous authorship experiences. More detailed information about the curriculum outline and the book can be obtained from www.cord.org. This first book has been in circulation for industry comments and has been used in several community colleges and in one in-plant training site, JDS-Uniphase in Connecticut. The feedback varies from excellent to, "language and Mathematics are too tough for the community colleges". The detailed feedback clearly points to the necessity ofutilizing the modem computer and internet/web technologies to meet the needs ofdiversity ofrequirements. Different industry sectors require emphasis on different optical science, engineering and technology. Required length and depth of educational training are different for different groups. The level of understanding is different for different student groups. And, at the same time technologies are changing these days quite rapidly, making technology examples in the lab obsolete within a couple of years.
It is under this background that we started thinking of issues related to how to develop and deliver books that are customizable to the needs of a variety of groups and updateable to accommodate rapid product obsolescence.
PROPOSED APPROACH:
First, we looked at contents of a selected set ofbooks to understand whether there is any specific, scientific logic or pattern behind the organization oftraditional books on optical sciences and technologies. View graphs or VG1 and VG2 present the summary for four books: (i) "Bible" of classical optics by Born and Wolf, (ii) undergraduate level book by Klein, (iii) Fundamentals ofPhotonics produced by our project STEP for technicians and edited by Guenther, Pedrotti and Roychoudhuri, (iv) an advanced senior level text by Saleh and Teich. The organizational flow in all these books can be characterized as a mixture of historical evolution of optical sciences, and applications of basic concepts and their applications to complex situations. It is difficult to conceive of approaches by which these books can be made customizable and updateable to exploit rapidly advancing and globally expanding computer and web technologies. A computer can identify and classify knowledge and information most efficiently when they are organized as identifiable "bits" (however complex that may be), with logical definitions created for the data cells. Then they can be organized and re-organized to meet the needs of customizability and update ability once these logical trees are defined and correlated with the core knowledge and technology information bits.
So we start at the very root with epistemology or methodology of creating scientific knowledge. VG3 summarizes the definitions. It helps us identify and distinguish invariant scientific principles from applied engineering principles and functional instruments invented by engineers. Then we come to a succinct but most generalized definition of optics/photonics (VG4) that lays the foundation for defining scientific and technological knowledge and information bits. An almost complete catalogue ofbasic and derived optical phenomena (knowledge) is given in VG5 . We now need to figure out how to separate this optical knowledge into invariant (or at least very slowly varying) science and rapidly varying (changing) applied technologies manifested as instruments and devices. VG6 represents an attempt to present a comprehensive phenomenological (or physics) classification of all optical sciences. And, VG7 represents classification of functional (operational) optical components and devices, whose assemblage in, old or new versions or, macro or micro versions, give rise to all possible instruments and devices, including most of the future innovations. This is reasonably comprehensive, because the functional definition of optics is almost all encompassing. Thus we can create both an invariant optical science section and an invariant optical engineering (or technology) section. Then all the new innovations (instruments and devices) will be explained by combinations ofknowledge bits from these two sections of science and engineering. However, for advanced students, there can be a better approach based on ecological or system thinking (VG8) where the functional elements are combined to create independent systems. This is based on the over-arching concept that all optical systems can be classified into those that (i) gather information, (ii) transport information, and (iii) deliver energy.
With such generic classification of optical science and engineering, we are now in a position as to how to start addressing customizability (VG9). One can now easily envision how to customize curriculum content to match the needs of different industry sectors. However, customizing to match the needs of students with different styles of learning and different intrinsic intelligences is quite complex. But, we will have to learn to address these complex and socially important requirements with parallel research projects. Substantial research effort must be devoted to these issues since global educational enterprise is still essentially under the control and concern "ofthe elite, by the elite and for the elite", because of the prevailing economic constraints. The problem is further complicated because most ofthe science educational materials are created and delivered by people who are essentially analytical, articulate and left-brain dominated. Their perception ofintelligence does not proactively match those ofthe majority of the students. We still have a long way to go to appreciate that learning styles ofpeople are different and their intrinsic intelligences may not be positively challenged or stimulated by pushing traditional analytical approach only.
Update ability (VG1 0), of course, will be much easier to deliver using our approach of separating slowly varying science and engineering knowledge "bits" (core competency) from the rapidly changing instruments and devices (technical currency). Once such a book has been designed to be web-smart, references for the latest instruments and devices can be made at the right place ofthe text with "hot-links" to a number ofcompanies who manufacture such items. These companies can be requested to maintain "tutorial" web sections on their devices that complement (flows well with) the desired section of the book. It is to the best interest of the companies to update such "tutorial" web-segment as they introduce newer models or technologies. Thus, update ability of the rapidly changing technology segments of the knowledge "bits" can be obtained at a minimal cost to the educational community.
So, the basic approach to curriculum organization (VG1 1) is to assure close collaboration between academia and industry. The industry creates the "Task List" which is translated jointly by the industry and academia into task specific skill list that can be correlated to the science and technology knowledge bits. The academia then organizes the required material into a curriculum that also covers all the basic optical "Sciences Standard". We conclude with the overall logic flow of our concept that can be appreciated from the VG12 that underscores the collaborative functions of the academia and the industry. 
